Introduction
In the past decade, the survival after out-of-hospital cardiac arrest (OHCA) has increased from a few percent to ~10% in many countries. 1 The increased survival has been attributed to improvements in all four links in the "chain-of-survival" guidelines with a large increase in bystander cardiopulmonary resuscitation (CPR), improved prehospital care, improved advanced life support guidelines, and focus on postresuscitation care. 2 The use of targeted temperature management (TTM) is believed to reduce global ischemia and reperfusion injury processes present in all cardiac arrest patients. 3 In 2002, two randomized controlled trials showed that treatment with TTM
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Engsig et al with a target temperature of 32°C-34°C during 12-24 h for comatose patients after cardiac arrest improved survival and neurological outcome; however, these trials included only patients after OHCA and mostly with ventricular fibrillation (VF). 4, 5 A more recent controlled, randomized study that included only OHCA patients with both shockable and non-shockable initial rhythm showed no difference in the outcomes of patients treated with 33°C compared to 36°C. 6 Consequently, recently updated international guidelines now recommend a target temperature between 32°C and 36°C for 24 h after OHCA and they still strongly recommend the same therapy for patients with non-VF OHCA or in-hospital cardiac arrest (IHCA) patients as well. 7 Nevertheless, the only existing evidence that supports this practice comes from cohort studies that have shown variable results. [8] [9] [10] [11] Furthermore, results from the few existing studies on the IHCA population treated with TTM usually do not include survival beyond hospital discharge. The aim of this study was to compare survival to discharge, long-term survival, and neurologic outcome between consecutive OHCA and IHCA patients treated with TTM.
Materials and methods

Study population and setting
This retrospective observational study included all consecutive adult patients admitted to the intensive care unit (ICU) in a single tertiary heart center (Copenhagen University Hospital, Gentofte, Denmark) treated with TTM after OHCA or IHCA from April 1, 2005 to March 31, 2011. Patients with cardiac arrest as the diagnosis on admission and TTM as procedure code were identified from the ICU critical information system database, and all data were obtained by reviewing the medical records.
At the institution, a TTM protocol was implemented in 2004 based on international recommendations for patients who remained comatose after cardiac arrest. 12 According to the local TTM protocol, indications for TTM were: age ≥18 years, suffered cardiac arrest (OHCA or IHCA), Glasgow Coma Scale ≤8 on arrival at the hospital (or the ICU for IHCA), and <60 min from collapse to return of spontaneous circulation (ROSC). Contraindications for TTM were: terminal illness before the arrest, core temperature <30°C, pregnancy, intracranial hemorrhage, arterial oxygen saturation <85% for >15 min after ROSC, and refractory cardiogenic shock (median arterial pressure <60 mmHg for >30 min after ROSC despite the use of vasoactive drugs or intra-aortic balloon pump [IABP] ).
Post-resuscitation care
Patients presenting with ST-elevation in the initial electrocardiogram underwent acute coronary arteriography (CAG) and percutaneous coronary intervention (PCI) when feasible. If cardiogenic shock was present, an IABP was placed, according to the recommended guidelines at that time. 2 When factors other than cardiac etiology of the arrest were suspected to be present at admission, a cerebral computed tomography scan was performed to exclude intracranial hemorrhage. Once this was confirmed, the patient was transferred to another center for neurosurgical treatment when indicated, and these patients were excluded from the study.
Cooling methods
Active cooling was initiated at the place of cardiac arrest if possible, else it was initiated immediately after admission to the emergency room (or the ICU in IHCA patients) with ice bags on the torso and infusion of 30 mL/kg of 4°C isotonic saline solution. Surface cooling was continued in the ICU using a surface cooling system (Arctic Sun When a target temperature of 33°C was achieved, attempts were made to maintain it for 24 h, followed by rewarming at a maximum rate of 0.5°C/h according to the guidelines. When patients were normothermic, sedation was discontinued. Recommendations from the American Academy of Neurology were followed and neurologic prognostication was performed on patients who remained comatose >72 h after cardiac arrest or 24 h after normothermia and at least 12 h after sedation was discontinued.
Data collection
Four investigators collected data from the ICU database, medical charts from the department of cardiology, and the emergency medical service (EMS). Data included age, sex, body mass index (BMI), date of admission and discharge from the ICU and the hospital, presence of prehospital comorbidities (diabetes, hypertension, hypercholesterolemia, and ischemic heart disease), initial rhythm, site of arrest 
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Outcomes of consecutive IHCA and OHCA patients treated with TTM (in-or out-of-hospital), CPR by bystander, time from arrest to ROSC, presumed etiology of cardiac arrest (ST-elevation myocardial infarction [STEMI] , non-STEMI, primary arrhythmia, and noncardiac cause), whether acute CAG, primary PCI, placement of an IABP, or placement of a temporary pacemaker was performed. Additionally, we collected data on the use of vasoactive drugs as continuous infusion in the ICU (epinephrine, norepinephrine, dobutamine, dopamine, milrinone, or levosimendan) and duration of TTM in hours. Neurological status at discharge from the ICU and hospital was retrieved from patient files and ICU database. The status details were categorized using the Pittsburgh cerebral performance categories (CPC) scale. 13, 14 A good neurologic outcome was defined as CPC =1 or 2 (corresponding to no or minor incapacity). A poor neurologic outcome was defined as CPC =3 (severe disability, dependent), CPC =4 (coma or vegetative state), or CPC =5 (death).
The study was approved by the Danish Patient Safety Authority and the Danish Data Protection Agency. Due to the retrospective nature of the study and high mortality in the study population, written informed consent could not be obtained from all patients and was therefore waived by the Danish Patient Safety Authority.
Statistical methods
This study was divided into two parts: 1) survival to hospital discharge comparing OHCA and IHCA and 2) long-term survival after hospital discharge comparing OHCA and IHCA.
The first part compared short-term survival during initial admission after OHCA and IHCA by using logistic regression and identified factors associated with survival. In a subanalysis of short-term survival, patients with known initial rhythm were classified into four subgroups: OHCA and IHCA with shockable initial rhythm and OHCA and IHCA with nonshockable initial rhythm.
The final part compared long-term survival after OHCA and IHCA using Cox logistic regression and identified prognostic factors for survival. Observation time was calculated from date of discharge to date of death, lost to follow-up, emigration, or October 1, 2011, whichever came first.
Differences in baseline characteristics, survival, and neurologic outcome between OHCA and IHCA groups were estimated using chi-square test and Kruskal-Wallis test as appropriate. All estimates <0.05 were considered statistically significant.
Kaplan-Meier curves were used to illustrate cumulative long-term survival. Multivariate logistic regression analysis and Cox regression analysis were performed to determine the association of clinical variables with survival to hospital discharge and with long-term survival, respectively. Factors associated with long-term survival were calculated as the reciprocal of the hazard ratio (HR). As the time from collapse to ROSC was not found to be a linear variable, it was entered as a categorical variable in the model. For the purpose of the analysis, the median time from collapse to ROSC of the total cohort was selected and dichotomized as <10 min or =10 min or >10 min. Age was divided into 10-year categories, and a significant difference was found between >60 and <60 years. The following covariables were used to identify the predictors of survival, in both Parts 1 and 2: site of cardiac arrest (OHCA vs IHCA), gender (male vs female), age (≤60 vs >60 years), CPR by bystander (yes vs no), time to ROSC (≤10 vs >10 min), initial rhythm (shockable vs non-shockable vs unknown), and etiology of cardiac arrest (STEMI vs etiology other than STEMI). All statistical analyses were carried out in SPSS version 11.5 software (SPSS, Chicago, IL, USA).
Results
Patient characteristics
A total of 282 consecutive patients (233 with OHCA and 49 with IHCA) were included in the study. Table 1 shows the baseline demographics of OHCA and IHCA patients with comparison between groups. The IHCA patients presented more often with asystole and less with VF, received CPR by bystander in all cases, and had shorter median time from arrest to ROSC. Other differences were the more frequent performance of acute CAG in the OHCA group and the more frequent placement of a temporary pacemaker in the IHCA group.
TTM was interrupted before 12 h in 3% of OHCA (7/233) and 2% of IHCA patients (1/49), due to refractory circulatory shock, lactate acidosis, or intestinal ischemia. In the rest of the patients, duration of TTM was maintained between 12 and 24 h as international guidelines dictate.
Outcomes
In Part 1 (short-term survival), there was no difference in survival to hospital discharge between the groups: 54% (125/233) for OHCA and 53% (26/49) (Table 3 ). There was no difference in time to ROSC between the groups. The main differences were a higher number of IHCA patients with non-shockable rhythm at presentation (IHCA, 30% vs OHCA, 6%), a higher (Table 4) . Good neurologic outcome (CPC 1 or 2) prior to hospital discharge among survivors was seen in 86% (107/125) of OHCA and 92% (24/26) of IHCA patients (Table 1) .
Discussion
The present study shows no difference in short-and longterm survival and no difference in neurologic outcome prior to hospital discharge between consecutive OHCA and IHCA patients treated with TTM despite increased rate of asystole as initial rhythm in the IHCA group.
Only one study has previously compared IHCA with OHCA, and their findings are in concordance with this study as they found no difference in survival. 15 Unfortunately, data on TTM were not available in that study. In general, IHCA has not received the same level of focused research as OHCA, and there are no controlled randomized studies regarding the use of TTM after IHCA. Results from cohort studies show that TTM did not improve the outcomes in this population, although the results might have been influenced by the poor implementation of TTM and the low achievement of target temperature after IHCA. [16] [17] [18] In terms of age, gender, and preexisting comorbidities, the two populations in our study were comparable. One of the main differences between the two populations is the larger fraction of patients with asystole or pulseless electrical activity as initial rhythm in the IHCA group. The proportions of shockable and non-shockable rhythms in IHCA patients vary substantially in other reports due to differences in patient populations and settings. 8, 11, 15, 16, 19, 20 Still, the proportions of VF and asystole in IHCA patients are comparable to that reported in a recent study conducted in a setting similar to the present analysis. 21 Time to ROSC was short not only for IHCA patients but also for OHCA patients due to the highly effective EMS covering the Copenhagen area. 22 Even though IHCA patients are typically described as being in poorer condition with a significantly higher degree of comorbidity than OHCA patients and therefore at a higher risk of death per se, no significant differences were found regarding pre-arrest cardiovascular comorbidity between the groups. 23, 24 Not surprisingly, the strongest predictor of survival in this study was the presence of a shockable initial rhythm, a prognostic factor that is thoroughly demonstrated in several other studies. 22, [25] [26] [27] A subanalysis in our study also demonstrated that the prognosis of both shockable and nonshockable initial rhythm in IHCA patients was better than that for OHCA patients. This finding was not surprising, since no difference was found in pre-arrest comorbidity and the IHCA patients had a higher frequency of CPR by bystander and shorter time to ROSC, which were also identified as submit your manuscript | www.dovepress.com
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Engsig et al factors strongly associated with survival. Besides this, it is presumed that cardiac arrest is recognized earlier, that time to initiation of advanced life support is shorter, that potentially reversible causes are treated more swiftly, and that the quality of acute resuscitation, ventilation, and chest compressions is higher in the in-hospital setting, thereby contributing to increased survival. Furthermore, the study was conducted at a hospital with invasive cardiological expertise available day and night, thereby shortening the time to acute CAG, primary percutaneous intervention, insertion of temporary pacemaker, and IABP among IHCA patients, leading to improved odds for IHCA patients.
The long-term survival in the two populations did not differ, and age was identified as the sole prognostic factor for survival. Thus, in this study survival to hospital discharge after cardiac arrest eliminated any differences in prognosis related to initial rhythm, CPR by bystander, and time to ROSC.
The main advantage of this study is that it includes consecutive cardiac arrest patients with complete follow-up on survival. Besides this, the study achieved target temperature in all patients, and the duration of treatment was between 12 and 24 h, as dictated by the guidelines, in 98% and 97% of the patients, thus making the comparison of the two groups more reliable. Finally, this is the only study that has compared consecutive OHCA and IHCA patients and described their long-term survival.
The main limitation of the present study is the limited number of IHCA patients, which decreased the strength of the results and did not allow for propensity-matched analysis. Furthermore, the present study did not have detailed information on noncardiac causes of cardiac arrest which could have explained the lack of difference in survival between the two populations. Another limitation is that in order to be treated with TTM, the IHCA patients must fulfill strict inclusion criteria, thereby introducing a selection bias making them a 
767
Outcomes of consecutive IHCA and OHCA patients treated with TTM
Disclosure
The first and the last author are related by marriage. The authors report no conflicts of interest in this work. highly selected group with improved prognosis. As a consequence, the results cannot be transferred to IHCA patients in general. In addition, data on long-term follow-up of neurologic function were not collected, and therefore, inferences on the long-term neurologic outcome cannot be drawn.
Conclusion
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